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ThObjectives: We sought to present our experience in the management of esophageal
burns.
Methods: From April 1976 through October 2003, 149 patients with corrosive
esophageal burns were included in this study. Treatment modalities consisted of
modified intraluminal stenting in 28, colon interposition in 71, gastric transposition
in 25, repair of cervical stricture with platysma myocutaneous flap in 17, and
miscellaneous operations in 12 patients. Eleven of these patients underwent the
above procedures twice at our institute. The remaining 7 patients were treated with
conservative therapy.
Results: Twenty-three patients recovered from intraluminal stenting, and 5 experi-
enced stricture after stent removal. One of the 5 patients with failed stents responded
to bougienage, and the remaining 4 patients required esophageal reconstruction
later. Of the 71 colon interpositions, 5 patients died postoperatively, and compli-
cations consisted of proximal anastomotic fistula in 17, anastomotic stenosis in 6,
and abdominal incision dehiscence in 2 patients. Postoperative complications in the
25 patients with gastric transpositions comprised anastomotic stricture in 2 patients
and empyema in 1 patient. There was a cervical leak in 1 of the 17 patients
undergoing the repair of cervical esophageal or anastomotic stricture with a
platysma myocutaneous flap. One of the patients in the group undergoing 12
miscellaneous procedures died 8 months after surgical intervention. All the survi-
vors currently eat regular diets.
Conclusions: Intraluminal stenting can prevent the formation of caustic esophageal
stricture. The location of the cicatricial esophagus dictates whether to perform
concomitant esophagectomy during esophageal reconstruction. Platysma myocuta-
neous flap repair is an excellent method for the treatment of severe cervical
esophageal or anastomotic stricture.
Esophageal burns comprise various groups of lesions in terms of burn loca-tion, admitting time after ingestion, and complications. Therefore manage-ment of these injuries has been a challenge to thoracic surgeons, otolaryn-
gologists, and gastroenterologists. Although it has been well accepted that the early
phase of management of the stable patient is prevention of stricture formation, it
remains a controversy as to which is the optimal treatment modality among
neutralization of caustics, corticosteroids, antibiotics, esophageal dilation, stenting,
and surgical intervention.1,2 Colon,3,4 stomach,5 jejunum,6 and myocutaneous flap7
can be used to reconstruct the esophagus, but there is still controversy, irrespective
of whether the cicatricial esophagus is resected during the procedure.8 Finally, the
treatment of undilatable cervical esophageal or anastomotic stenosis has not been
well defined.9
We present our experience of 149 cases of corrosive esophageal burns in the past
27 years. Specifically, we report a technique for the prevention of stenosis devel-
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repair of severe cervical esophageal or anastomotic stric-
tures resistant to dilation with a platysma myocutaneous
flap.10
Patients and Methods
Patients
From April 1976 through October 2003, 149 patients with caustic
esophageal burns were included in this study. There were 97 male
and 52 female patients, ranging in age from 1 to 72 years (average
age, 25 years). Forty-four (29.5%) patients were between the ages
of 1 and 14 years. The most common caustic agent was alkali in
121 (81.2%) patients, followed by acids in 20 (13.4%) patients.
Four patients swallowed pesticides. Several drops of molten iron
splashed into the mouth and esophagus of 2 furnace operators. The
other 2 patients ingested unclear liquid. Among the 149 patients
with caustic agent ingestion, 112 ingestions were accidental, and
37 were in an attempt to commit suicide. The quantity of corro-
sives swallowed was from 1 to 150 mL.
The period from the time of caustic ingestion to hospital
admission ranged from 1 hour to 120 months. Thirty-five patients
were admitted less than 3 weeks after ingestion of the corrosive
agent. The remaining 114 patients were admitted more than 3
weeks after swallowing caustic agents. In the former group, all but
one patient with esophageal perforation underwent esophagos-
copy, and the degree of injuries was evaluated. There were 30
Figure 1. Correct position of the modified intraluminal stent.
Catheter that suspended the upper end of the stent is fastened
through the nostril, and its lower end, used as a feeding gastros-
tomy, is fixed on the abdominal wall.patients with second- or third-degree injuries. The remaining 5
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tively and had a normal intake of food after being followed up for
3 months. The other 2 patients, who swallowed corrosive agents in
a suicide attempt and were given a diagnosis of third-degree
esophageal injury by means of esophagoscopy, declined to un-
dergo operations and died of acute peritonitis and massive hem-
orrhage on the fourth and sixth days after the injury, respectively.
The remaining 28 patients underwent intraluminal stenting. As for
the 114 patients admitted more than 3 weeks after their injuries,
esophageal barium and esophagoscopy studies showed that the
esophageal stricture was too severe to undergo dilation or the
duration was too long for patients to keep on dilating in 92 cases.
These patients underwent esophageal reconstruction more than 6
months after their injuries. They maintained nutrition through
feeding gastrostomy or esophageal dilations before esophageal
replacement. The other treatment modalities included repair of
cervical esophageal or anastomotic strictures with platysma myo-
cutaneous flaps and performing miscellaneous operations.
Modified Intraluminal Stenting
The procedure was modified on the basis of the technique
introduced by Reyes and Hill.11 The stent was constructed from
a medical silicone rubber tube in the range of 40 to 60 cm in
length, 1.0 to 1.2 cm in inside diameter, and 1.4 to 1.6 cm in
outside diameter. A 12F catheter was affixed to the proximal
end of the stent with a transfixion ligature to prevent distal
migration. The distal end of the stent was tailored into the shape
of a duck’s beak and was transfixed with 10-0 thread to pull the
stent (Figure E1).
A midline laparotomy was carried out after achievement of
general anesthesia. The abdominal esophagus, serosal surface of
the stomach, and pylorus were evaluated at celiotomy, especially
in patients swallowing acidic agents. A gastrotomy at the anterior
gastric wall was made. A nasogastric tube was inserted preopera-
tively. The proximal end of the nasogastric tube was pulled out of
the mouth, and its distal end was brought out of the stomach
through the gastrotomy. If the nasogastric tube was not inserted
successfully because of esophageal stricture, a dilator was placed
during endoscopy. Two strings of 10-0 filament were tied to the
distal end of the nasogastric tube or the dilator in the abdomen. An
assistant pulled up the nasogastric tube or dilator to bring the knot
of the 10-0 filament out of the oral cavity while the other end of the
filament was kept in the abdomen. The nasogastric tube or dilator
was removed. One string of the filament out of the mouth was
connected with the thread that tied to the distal end of the esoph-
ageal stent. The other string of the filament was attached to another
nasogastric tube, which was sheathed in the stent earlier to guide
the stent and prevent it from diverting. The stent was inserted in an
antegrade fashion (Figure E2). The nasogastric tube was extracted
through the mouth. Then the upper end of the stent was positioned
to 2 cm below the esophageal orifice by direct laryngoscopy. A
side core, the diameter of which is larger than half of the stent’s
circumference, was cut at the intragastric wall of the stent. Finally,
the catheter that suspended the upper end of the stent was fastened
through the nostril. Its lower end, used as a feeding gastrostomy,
was fixed on the abdominal wall (Figure 1).
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Colon interposition was performed when the patients required
esophageal reconstruction and the esophageal stricture was located
proximal to the carina. These patients underwent esophageal re-
construction in a range from 6 to 58 months (mean, 12.2 months)
after their injuries. The surgical procedures were made according
to the techniques introduced by Thomas and colleagues.4
Gastric Transposition
Esophagectomy and gastric transposition were performed by tho-
racotomy when the esophageal stricture was located distal to the
carina. These patients underwent esophageal reconstruction in a
range from 6 to 34 months (mean, 12.2 months) after their injuries.
After the burned esophagus was removed, the stomach was mo-
bilized through division of the left gastric, left gastroepiploic, and
short gastric vessels. Then the cardia was resected and closed with
a transfixion suture. The gastric fundus was anastomosed with
thoracic or cervical esophagus.
Platysma Myocutaneous Flap Repair
Severe cervical esophageal or anastomotic strictures that would
not respond to dilation were repaired with platysma myocutaneous
flaps. This technique was introduced by Professor Wang and
Professor Jiang of our group.10 The patients were in a supine
position, and the head deviated to the right side. An incision was
made along the anterior border of the left sternocleidomastoid
muscle (Figure 2, A). An 18F endotracheal tube was inserted
through the oral cavity preoperatively to define the proximal end of
the esophageal stricture. Then the stricture was split longitudinally,
extending to 1 cm each beyond the proximal and distal edges. A
left platysma myocutaneous flap was used to widen its lumen. The
designed area of the platysma myocutaneous flap, generally 4 to 5
Figure 2. A, Incision along the anterior border of th
esophageal stricture repair with a platysma myocutane
the esophageal lumen.cm in width and 7 to 8 cm in length, depended on the scope of the
The Journal of Thoracic adefect. The anterior, superior, and inferior incisions of the myo-
cutaneous flap were extended through the platysma, but the pos-
terior incision of the flap was carried through the skin only down
to the platysma muscle (Figure E3). The skin flap was rolled up
with the skin facing the lumen and sutured to the incised margin of
the stricture (Figure E4 and Figure 2, B). Penrose drains were
placed overlying and underlying the flap.
Miscellaneous Procedures
Miscellaneous operations were performed in the remaining 12
patients. A plasty procedure for anastomotic stricture was per-
formed in 2 patients who had undergone esophageal reconstruc-
tion. Pyloroplasty was performed in 8 patients, and the other 2
patients underwent gastrojejunostomy.
Results
Modified Intraluminal Stenting
Modified intraluminal esophageal stenting was performed in
28 patients who were admitted less than 3 weeks after their
injuries. The stent was kept in place for 4 to 6 months
because most of the scar was stabilized at that time. Twenty-
three patients had a full diet without dysphagia, and 5
patients had strictures after removal of the stent. Among the
latter group, 1 patient responded to dilation. Four patients
were unresponsive to repeat dilation and required esopha-
geal replacement. The time interval from withdrawal of the
stent to esophageal replacement ranged from 9 to 44 months
(average, 18 months). Colon interposition was performed in
2 patients, and gastric transposition was performed in the
other 2 patients. All 4 patients have had a normal diet after
ft sternocleidomastoid. B, Completeness of cervical
ap. The skin flap is rolled up with the skin side facinge le
ous flundergoing esophageal reconstruction.
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Colon interpositions were made in 71 patients, including 2
with failed intraluminal stents. All the transplants were
placed below the sternum. The left colon was used in 68
patients, and the right colon was used in 3 patients. Colon
interposition with terminal ileum was performed in 1 patient
of the latter group. All the blood supply depended on the
middle colonic artery. The upper end of the transplant was
anastomosed with the cervical esophagus in 57 patients and
with the hypopharynx in 14 patients. Two patients under-
went total gastrectomy and colojejunostomy because of
stomach injuries. Five (7.0%) postoperative deaths occurred
between days 6 and 27. One patient each died of transplant
necrosis, acute heart failure, and acute peritonitis. The re-
maining 2 patients died of aspiration pneumonia. Twenty-
five postoperative complications developed. There were 17
anastomotic leaks, 14 of them in the neck healed with
drainage for 1 to 2 weeks; the other 3 in the abdomen were
corrected surgically through a laparotomy. Anastomotic ste-
nosis occurred in 6 patients. Four of them were repaired
with platysma myocutaneous flaps. Dilations and a plasty
for the stricture were performed in 1 patient each. The
postoperative abdominal incision dehiscence in 2 patients
was oversewn successfully.
Gastric Transposition
Esophagectomy and gastric transpositions were performed
by either a left thoracotomy (22 patients) or a right thora-
cotomy (3 patients) in 25 patients, including 2 with unsuc-
cessful stents. An esophagogastrostomy was made in the
thorax in 23 patients and in the neck in 2 patients. There
were no deaths in these patients, but postoperative compli-
Figure 3. Flow chart of summary of treatment modalitie
esophageal burns.cations occurred in 3 patients. One of 2 patients with anas-
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the other was managed with platysma myocutanous flap
repair. The remaining patient who had localized empyema
postoperatively underwent local thoracoplasty 5 months
later. Among the 23 patients undergoing intrathoracic
esophagogastrostomy, 1 patient experienced mild regurgi-
tation without requiring any treatment. Esophageal mano-
metric examination in 3 patients showed that intraesopha-
geal, anastomotic, and intragastric mean pressures were
0.23 mm Hg, 11.2 mm Hg, and 2.4 mm Hg, respectively.
Platysma Myocutaneous Flap Repair
The severe cervical esophageal or anastomotic stricture
resistant to dilation was repaired with platysma myocutane-
ous flaps in 17 patients. Of them, cervical esophageal stric-
ture caused by a caustic agent occurred in 4 patients, and
anastomotic strictures after esophageal replacement devel-
oped in the remaining 13 patients. In the latter group 8
patients were transferred to our institute after undergoing
colon interpositions at other hospitals. There were no major
complications, but 1 patient had an anastomotic leak that
was managed with drainage for 1 week. All the patients can
eat soft or solid food postoperatively.
Miscellaneous Procedures
Of the 12 patients who underwent miscellaneous operations,
1 died of acute ileus 8 months after the surgical intervention.
The major treatment modalities are summarized in Figure 3.
Discussion
Esophageal intraluminal stenting has been used to decrease
the likelihood of stricture formation in patients with corro-
miscellaneous procedures in the patients with caustics butsive esophageal burns for several decades.12, 13 Fell and
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for the stenting treatment of caustic esophageal burns.
Reyes and Hill11 tried this technique in cats with consider-
able success. Other authors15,16 reported success in the
prevention and treatment of patients with severe corrosive
esophageal burns using this method. Recently, Broto and
associates17 presented their experience in treating cases of
severe esophageal stenosis resistant to conventional dilata-
tion through the placement of silicone stents. However,
early work fell into disfavor because it was found that the
strictures soon reformed after the stent was removed. This
was because the timing of stent removal was too early. It is
widely known that it takes several months for esophageal
scars to be stabilized. We used modified intraluminal stent-
ing to treat serious cases when such patients were admitted
within 3 weeks after ingestion of a caustic agent. The
esophageal stent was inserted 2 to 3 weeks after caustic
agent ingestion. Of the 28 patients with esophageal stenting,
23 ate a normal diet after removal of a stent that had been
kept in place for 4 to 6 months. One of the 23 patients had
a thoracic esophageal perforation in the right side of the
chest and was in crisis at the time of hospital admission.
Salvage operations, including tube thoracotomy, jejunos-
tomy, and esophageal stenting, were performed in the pa-
tient immediately. The abdominal esophagus was ligated
with an absorbable thread to reduce the thoracic cavity
pollution caused by gastric content regurgitation. In the
wake of withdrawal of the stent 6 months after surgical
intervention, barium swallow showed smooth passage of the
contrast medium without stricture or perforation. Esopha-
geal stenting has the advantages of an inexpensive device,
readily available components in construction, being an eas-
ily performed procedure, and tolerable intervention, even by
the depressed or mentally ill patient.12 Besides that, our
procedure offers the following advantages: (1) maintaining
nutrition through both the oral cavity and a gastrostomy; (2)
reducing nose strain because the stent was fastened at both
the nostril and the abdominal wall to prevent migration,
allowing the patient to tolerate it for several months; (3)
adjusting the displaced stent readily; (4) decreasing thoracic
pollution in patients with a perforated esophagus; and (5)
removing the stent conveniently.
Patients with severe and extensive esophageal strictures
resistant to dilatations require esophageal reconstruction. It
remains a controversy whether the burned esophagus would
be resected or not during esophageal reconstruction. Kim
and coworkers8 found that 7 patients had cicatricial carci-
noma among the 54 patients with corrosive esophageal
burns. The interval between injury and the development of
cancer ranged from 29 to 46 years. Csikos and associates18
also reported 36 patients with scar cancer after swallowing
corrosive agents. In their series the interval between the
caustic burn and the diagnosis of scar carcinoma was 46.1
The Journal of Thoracic ayears. Therefore, they have suggested that esophagectomy,
instead of bypass, should be performed in all the patients
with corrosive esophageal severe strictures. However, on
the basis of our experience, only the patients with strictures
caudal to the carina have indications for esophagectomy.
This is because there is a distance between the burned
esophagus and its contiguous mediastinal organs. Perform-
ing esophagectomy is easier, and morbidity and mortality
occurs less in these patients. As for the substitute organ for
the esophagus, although colon or jejunum interposition can
be performed, they are fraught with major complications
and conduit loss.19 Some investigators15,16 have advocated
using the stomach to reconstruct the esophagus because of
its adequate length, dependable blood supply, the richness
in the submucosal vascular network, its nature as a clean
substitute for the esophagus, and the fact that relocation of
the stomach requires only one anastomosis. In addition,
gastric transposition was performed in most patients, and
the thoracic surgeon can perform this procedure skillfully at
our institute. Therefore, all 25 patients underwent esopha-
gectomy and gastric transposition in this study. The mean
operative time was 4 hours, and 200 to 900 mL (mean, 400
mL) of blood was transfused intraoperatively in 23 of them.
All but 2 patients underwent intrathoracic anastomosis.
There was a high-pressure zone at the anastomotic site, but
24-hour pH study showed that DeMeester scores were 54.1
and 14.5 in 2 of these patients, respectively (normal range,
14.72). In another study at our institute, the DeMeester
score was 89.2  109 in 12 patients with intrathoracic
anastomosis, and only 3 of them were in the normal range.
That means the patients without symptoms might still have
reflux. These patients are managed with lifestyle modifica-
tion, such as elevating the head of the bed on 4- to 6-inch
blocks and avoiding recumbency for 3 hours after meals.
For patients with persistent reflux symptoms, H2-receptor
blocking agents can be prescribed.
When a severe and extensive stricture is located proxi-
mal to the carina, colon interposition is indicated.
Raffensperger and coworkers20 reported that 30 children
with caustic strictures underwent colon interposition, and
none had cicatricial cancer during the follow-up period.
Helardot5 also claimed that if conditions of safe intensive
care are not fulfilled, the esophagus is left in place and
bypassed with a retrosternal gastric tube. In our series the
operative time was 8 hours and 9 hours, respectively, and
1800 and 1900 mL of blood was transfused intraoperatively,
respectively, in the 2 patients in whom the strictures were
located at the upper third esophagus because the injured
esophagus adhered to the neighboring mediastinal organs
extensively and densely. Esophageal resection in these pa-
tients might predispose to massive bleeding and trauma to
its contiguous vital organs. This is because strong alkali
liquefies the tissue in most of the cases. Despite the stom-
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esophagus in these cases, the colon is a preferable conduit
for esophageal replacement in light of its anatomic and
physiologic features, including constant blood supply ves-
sels, status as a long enough transplant to be pulled to the
neck (even the hypopharynx), low incidence of disease
itself, and resistance to gastric juice. We used the colon for
an esophageal substitute in most of our patients in whom the
stricture was located proximal to the carina. Among the 71
grafts, the vast majority (97.2%) are of the left colon sup-
plied by the middle colic artery. This is because of (1) the
more constant and reliable arterial supply and venous drain-
age of the left colon, (2) the close match in the diameter of
the left colon and esophagus, and (3) the author’s prefer-
ence. Thirty-seven colon interpositions had been performed
before 1995, and 4 patients died postoperatively. The major
complications were proximal anastomotic leak, which oc-
curred in 10 patients, followed by anastomotic stenosis,
which occurred in 5 patients. After 1995, 34 esophageal
replacements with the colon were performed. Among them,
1 patient died, and postoperative complications included
anastomotic leak in 4 patients and stricture in 1 patient. The
mortality and morbidity decreased significantly. The fol-
lowing steps have been taken to reduce the postoperative
complications: (1) creating a feeding gastrostomy or jeju-
nostomy to maintain the nutrition; (2) avoiding tension or
twisting of the graft and providing adequate blood supply;
(3) performing a proximal anastomosis with a single-layer
suture; and (4) adequately draining the site of the
anastomosis.
The undilatable cervical esophageal or anastomotic stric-
ture requires surgical intervention. Free jejunum and myo-
cutaneous flap can be used to repair the serious stricture.
Using jejunum to treat the esophageal stricture in the neck
requires microvascular anastomosis, which is technically
demanding.21 Myocutaneous flaps include pectoralis major
and platysma. The drawback of the island pectoralis major
myocutaneous flap is that it is bulky.22 The platysma myo-
cutaneous flap is thin and broad and rich in blood supply.
Friedman and associates23 reported that the inferiorly based
platysma myocutaneous flap was used to reconstruct hypo-
pharyngeal strictures in 2 patients with lye burns. Both of
them were able to eat normally and had no significant
stenosis. We successfully used the platysma flaps to repair
17 cervical esophageal or anastomotic strictures. When a
patient has such a severe cervical stricture that it is impos-
sible to judge the aboral extension of the stricture by en-
doscopy, computed tomographic scanning, or contrast
study, either platysma myocutaneous flap repair or colon
interposition is performed, depending on the intraoperative
findings. The stricture is explored with a sternocleidomas-
toid approach first. If the distal end of the stricture is located
proximal to the thoracic outlet, a flap repair is indicated.
449.e6 The Journal of Thoracic and Cardiovascular Surgery ● AOtherwise, if it extends into the chest, a colon interposition
is selected. However, barium swallow in the 4 patients with
severe cervical stricture caused by caustic agents and an-
other 13 patients with proximal anastomotic stenoses con-
firmed that the aboral end of the stricture is above the
thoracic outlet in our series. All the patients can swallow a
normal diet without dysphagia postoperatively. The
platysma myocutaneous flap offers the advantages of being
thin, having an extensively available scope, being a simple
procedure, causing mild trauma, and having a high survival
rate. Consequently, we claim that the platysma myocutane-
ous flap is a suitable method for the repair of the undilatable
cervical esophageal or anastomotic stricture.
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